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ACTIVE MATRIX SUBSTRATE AND
DISPLAY PANEL

TECHNICAL FIELD

The present mnvention relates to an active matrix substrate
and a display panel.

BACKGROUND ART

In recent years, a technique of arranging gate drivers in a

pixel region on an active matrix substrate of a display panel
has been proposed (see, for example, WO 2014/069529

(Patent Document 1 shown below)). W0O2014/069529 dis-
closes driving circuit that controls potentials of lines includ-
ing gate lines according to control signals supplied from
outside of a display region including a pixel region. This
driving circuit includes a plurality of switching elements,
and at least part of these switching elements are formed 1n
the pixel region. This enables to reduce the rounding of the
potentials applied to lines such as the gate lines on the active
matrix substrate, and drive the lines at a high speed. Besides,
a narrower frame can be achieved.

PRIOR ART DOCUMENT

Patent Document

Patent Document 1: W(0O2014/069529

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

According to the above-described conventional configu-
ration, some pixels 1n which the switching elements of the
driving circuit are provided, and other pixels in which the
switching elements thereof are not provided, exist together
in the pixel region. At the pixels in which the switching
clements of the driving circuit are provided, 1n some cases,
the potentials of the switching elements of the driving circuit
could possibly change simultaneously at a timing when the
switching elements for pixel driving are turned ON/OFF. In
this case, there 1s a risk that signals 1nput to the pixels are
influenced by potential changes of the switching elements of
the driving circuit. This results 1n that the pixels influenced
by the switching elements of the driving circuit have a
luminance different from the other pixels. This causes dis-
play 1rregularities to occur. In other words, the display
quality deteriorates.

The present application discloses a configuration that 1s
capable of suppressing the deterioration of display quality, 1n
a configuration in which switching elements of a gate line
driving circuit are arranged 1n a pixel region on an active
matrix substrate.

Means to Solve the Problem

An active matrix substrate 1n one embodiment of the
present invention includes a plurality of gate lines that
extend 1n a first direction 1n a display region; a plurality of
source lines that extend 1n a second direction in the display
region, the second direction being different from the first
direction; and pixel switching elements provided for pixels,
respectively, in the display region and are connected to the
gate lines and the source lines, the pixels being defined by
the gate lines and the source lines. Further, the active matrix
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2

substrate includes: a plurality of gate line driving circuits
that are provided 1n the display region, in correspondence to
cach of the gate lines to control a potential thereof; and a
control signal line that supplies a control signal from outside
the display region to the gate line driving circuits. Each of
the gate line driving circuits includes a plurality of driving,
switching elements for switching ON/OFF according to the
control signal, and a capacitor that 1s connected to at least
one of the driving switching elements. At least part of the
driving switching elements and the capacitor are arranged at
positions closer to, not the gate line corresponding to the
gate line driving circuit that includes the driving switching
clements, but another gate line that i1s other than the corre-
sponding gate line.

Fftect of the Invention

According to the disclosure of the present application,
with the configuration in which the switching elements of
the gate line driving circuit are arranged 1n the pixel region
on the active matrix substrate, the deterioration of display
quality can be suppressed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a top view 1illustrating a schematic configuration
of a liquid crystal display device according to the present
embodiment.

FIG. 2 15 a top view 1illustrating a schematic configuration
ol an active matrix substrate 20aq.

FIG. 3 15 a top view 1illustrating a schematic configuration
of the active matrix substrate 20a, and respective parts
connected with the active matrix substrate 20a.

FIG. 4 illustrates an exemplary equivalent circuit of a gate
driver 11.

FIG. 5 illustrates an exemplary circuit configuration in a
case where the gate driver 11 illustrated 1n FIG. 4 1s arranged
in a display region.

FIG. 6 illustrates an exemplary circuit configuration
around TFT MS5 illustrated in FIG. S.

FIG. 7 1s a timing chart illustrating exemplary signal
wavetorms for the gate driver 11 illustrated in FIGS. 4 and
5 during operation.

FIG. 8 1s a ttiming chart illustrating signals for gate lines
and gate driver elements corresponding to the same.

FIG. 9 illustrates an exemplary circuit configuration in a
case where a gate driver 1s arranged so that the gate line that
the gate driver drives 1s closest to the gate driver.

FIG. 10 illustrates an exemplary circuit configuration
around TFT MS5 illustrated in FIG. 9.

FIG. 11 illustrates an exemplary case where the pixel
clectrode has a potential that 1s different from a proper
potential that the pixel electrode 1s supposed to have.

FIG. 12 illustrates a modification example of the arrange-
ment of TFT MS(#n) of the gate driver 11(»n).

FIG. 13 illustrates an exemplary equivalent circuit of a
gate driver 11 in Embodiment 2.

FIG. 14 illustrates an exemplary circuit configuration 1n a
case where the gate driver illustrated in FIG. 13 1s arranged
in the display region.

FIG. 15 1s a timing chart illustrating exemplary signal
wavelorms for the gate driver 11 illustrated in FIGS. 13 and
14 during operation.

FIG. 16 1s a timing chart 1llustrating signals for gate lines,
and netA, netB of gate drivers corresponding to the gate
lines, arranged as illustrated in FIG. 14.
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FIG. 17 illustrates an exemplary circuit configuration 1n a
case where the gate driver 1llustrated 1n 13 1s arranged so that

the gate line that the gate driver drives 1s closest to the gate
driver.

FIG. 18 illustrates an exemplary equivalent circuit of a
gate driver 11 1n Embodiment 3.

FIG. 19 1s a timing chart illustrating exemplary signal
wavelorms for the gate driver 11 illustrated in FIG. 18
during operation.

FIG. 20 1llustrates an exemplary arrangement of control
lines 1n the present embodiment.

FIG. 21 1s an exemplary circuit configuration 1n a case
where the gate driver 1llustrated 1n FIG. 18 1s arranged 1n the
display region AA.

MOD.

L1l

FOR CARRYING OUT THE INVENTION

An active matrix substrate 1n one embodiment of the
present invention includes a plurality of gate lines that
extend 1n a first direction 1n a display region; a plurality of
source lines that extend 1n a second direction in the display
region, the second direction being different from the first
direction; and pixel switching elements provided for pixels,
respectively, 1n the display region and are connected to the
gate lines and the source lines, the pixels being defined by
the gate lines and the source lines. Further, the active matrix
substrate includes: a plurality of gate line driving circuits
that are provided in the display region, 1n correspondence to
the gate lines, respectively, the gate line driving circuit
controlling the potentials of the gate lines, respectively; and
a control signal line that supplies a control signal from
outside the display region to the gate line driving circuits.
Each of the gate line driving circuits includes a plurality of
driving switching elements for switching ON/OFF accord-
ing to the control signal, and a capacitor that 1s connected to
at least one of the driving switching elements. At least part
of the dniving switching elements and the capacitor are
arranged at positions closer to, not the gate line correspond-
ing to the gate line driving circuit that includes the driving
switching elements, but another gate line that 1s other than
the corresponding gate line.

In the above-described configuration, the ON/OFF of the
driving switching elements in the gate line driving circuit 1s
switched according to the control signal, whereby the poten-
tial of the gate line corresponding to the gate line driving
circuit (the gate line as a control target) 1s controlled.
According to the change of the potential of the gate line, the
pixel switching elements connected to the gate line operate.
The timings of the turning ON/OFF of the pixel switching
clements, therefore, highly possibly coincides with the
change of potentials of the driving switching elements of the
gate line driving circuit that controls the gate line to which
the pixel switching elements are connected or the capacitor
connected to the driving switching elements. According to
the above-described configuration, at least part of the driv-
ing switching elements and the capacitor of the gate line
driving circuit are arranged at positions closer to, not the
gate line corresponding to the gate line driving circuit, but
another gate line. Therefore, at least part of the drniving
switching elements and the capacitor of the gate line driving
circuit are arranged at positions closer to, not the pixel
switching elements connected to the gate line as a control
target, but the pixel switching elements connected to another
gate line. In other words, the driving switching elements are
arranged at positions closer to, not the pixel switching
clement whose ON/OFF 1s switched high possibly at the
same timing, but the pixel switching element whose
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ON/OFF 1s switched less possibly at the same timing. This
causes the signal mput to the pixels to be less influenced by
the drniving switching elements of the gate line driving
circuit. As a result, the luminance of the pixels 1s less
changed due to the gate line driving circuit, and display
irregularities hardly occur. Further, the deterioration of dis-
play quality 1s suppressed.

The configuration can be such that the another gate line 1s
arranged between the at least part of the driving switching
clements and the capacitor, and the gate line corresponding
to the gate line drniving circuit that includes the driving
switching elements. This makes it possible to prevent a
change of the potential of the dniving switching elements
from exerting influences on the pixels of the gate line as a
control target.

Each of the gate line driving circuits may include an
accumulation line for accumulating a voltage to be applied
to the gate line corresponding to the gate line driving circuait.
In this case, the capacitor can include a first capacitor
connected to between the accumulation line and the corre-
sponding gate line. The drniving switching elements can
include a first switching element connected to between the
accumulation line and the corresponding gate line. At least
any of the accumulation line, the first capacitor, and the first
switching element can be arranged at a position closer to the
another gate line, than the corresponding connected gate
line.

According to this configuration, the capacitor or the
accumulation line can be arranged at a position closer to, not
the pixel switching element whose potential changes highly
possibly at the same timing, but the pixel switching element
whose potential changes less possibly at the same timing.
This causes the signal mput to the pixels to be less influ-
enced by potential changes 1n the driving switching elements
of the gate line driving circuit.

The driving switching elements of the gate line driving
circuit can be arranged 1 an array of the pixels that are
aligned along the another gate line other than the gate line
corresponding to the gate line driving circuit. In this case,
between the array of the pixels along the another gate line,
and an array of the pixels along the gate line corresponding
to the gate line driving circuit, at least still another one array
of the pixels can be arranged. This allows at least one
another pixel to be arranged between the driving switching
clements of the gate line driving circuit and the gate line as
a control target. According to this configuration, the driving
switching elements of the gate line driving circuit can be
arranged 1n the vicinity of, not the pixel switching element
whose potential changes highly possibly at the same timing,
but the pixel switching element whose potential changes less
possibly at the same timing.

The control signal can include a clock signal, and the
clock signal can be a multiphase clock of four or more
phases. With this configuration, the timing of a potential
change of the drniving switching elements of the gate line
driving circuit, and the timing of a potential change of the
pixel switching elements of another gate line arranged at a
position closer as compared with the gate line that 1s a
control target of the foregoing gate driving circuit, can be
prevented from coinciding with each other.

The control signal line can include a clock signal line, and
the clock signal line can include: a first clock line that
extends in the first direction in the display region, and 1is
connected to at least one of the switching elements of the
gate line driving circuit 1n the display region; and a second
clock line that 1s connected to the first clock line and extends
in the second direction outside the display region. With this
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configuration, the clock signal line can be arranged so that
the clock signal line, and the gate line to which the pixel

switching elements whose ON/OFF 1s switched at the same
timing as the clock signal are connected, should not intersect
with each other in the display region. Therefore, influences
of the clock signal on the signals to be mput to the pixels can
be suppressed. As a result, the deterioration of image quality
can be further suppressed

A display panel including the above-described active
matrix substrate, a counter substrate opposed to the active
matrix substrate, and a liquid crystal layer provided between
the active matrix substrate and the counter substrate 1s also
one of embodiments of the present invention.

The following describes embodiments of the present
invention in detail, while referring to the drawings. Identical
or equivalent parts in the drawings are denoted by the same
reference numerals, and the descriptions of the same are not
repeated. To make the description easy to understand, 1n the
drawings referred to hereinafter, the configurations are sim-
ply 1llustrated or schematically 1llustrated, or the 1llustration
of part of constituent members 1s omitted. Further, the
dimension ratios of the constituent members illustrated 1n
the drawings do not necessarily indicate the real dimension
ratios.

Embodiment 1

(Configuration of Liquid Crystal Display Device)

FIG. 1 1s a top view 1illustrating a schematic configuration
of a liqud crystal display device according to the present
embodiment. The liquid crystal display device 1 includes a
display panel 2, a source driver 3, a display control circuit
4, and a power source 5. The display panel 2 includes an
active matrix substrate 20a, a counter substrate 205, and a
liquad crystal layer (not illustrated) interposed between these
substrates. Though 1llustration 1s omitted 1n FIG. 1, polar-
1zing plates are provided on a lower surface of the active
matrix substrate 20a, and on a top surface of the counter
substrate 2054. On the counter substrate 205, there are formed
a black matrix, color filters of three colors of red (R), green
(), and blue (B), and a common electrode (all of these are
not 1llustrated).

As 1llustrated in FIG. 1, 1n the display panel 2, upper end
parts on left and right sides on the drawing sheet are formed
in circular arc shapes. In other words, the outer shape of the
display panel 2 as viewed in a direction vertical to the
substrates 1s a non-rectangular shape. The active matrix
substrate 20a of the display panel 2 1s electrically connected
with the source driver 3. The display control circuit 4 1s
clectrically connected with the display panel 2, the source
driver 3, and the power source 5. The display control circuit
4 outputs control signals to the source driver 3, and gate
drivers formed on the active matrix substrate 20aq (exem-
plary gate line driving circuits), which are to be described
below. The control signals include a reset signal (CLR),
clock signals (CKA, CKB), data signals and the like used for
displaying 1images on the display panel 2. The power source
5 1s electrically connected with the display panel 2, the
source drniver 3, and the display control circuit 4, and
supplies a power source voltage signal to each of the same.
(Configuration of Active Matrix Substrate)

FIG. 2 15 a top view 1llustrating a schematic configuration
of the active matrix substrate 20a. As illustrated in FIG. 2,
the upper ends on left and right sides of the active matrix
substrate 20aq are formed in circular arc shapes. In other
words, the outer shape of the active matrix substrate 20a as
viewed 1n a direction vertical to the substrate surface 1s a
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non-rectangular shape. In the active matrix substrate 20aq,
gate lines 13G are formed at uniform intervals 1n approxi-
mately parallel to one another from an end to the other end
in the X axis direction. Among the gate lines 13G, the gate
lines 13G_a formed 1n the circular arc shape part are shorter
than the maximum length of the gate lines 1n the active
matrix substrate 20aq. Further, the maximum length of the
gate lines can be set to be approximately equal to the
maximum Imax of the width of the active matrix substrate

20a 1n the X-axis direction. For example, the gate lines
13G_b, which are the gate lines other than the gate lines
13G_a, can be set to be shorter than the maximum Imax, or
approximately equal to the maximum Imax.

Further, as illustrated in FIG. 2, source lines 15S are
formed to intersect with the gate lines 13G. The gate lines
13G are formed to extend 1n the row direction (horizontal
direction), which 1s an exemplary first direction, and the
source lines 15S are formed to extend 1n the column direc-
tion (vertical direction), which 1s an exemplary second
direction. With this configuration, the gate lines 13G and the
source lines 15S are arranged 1n a matrix form. An area
surrounded by the gate lines 13G and the source lines 15S
forms one pixel, and all of the areas of the pixels constitute
a display region of the display panel 2. In other words, a
region 1n which an 1mage 1s displayed by the pixels 1s the
display region. In each pixel, a pixel electrode connected to
the gate line 13G and the source line 158 1s provided.

FIG. 3 1s a top view 1llustrating a schematic configuration
of the active matrix substrate 20a (the illustration of the
source lines 158 1s omitted), and respective parts connected
with the active matrix substrate 20a. As illustrated in the
example of FIG. 3, 1n spaces between the gate lines 13G, that
1s, 1n the display region, gate drivers 11(1) to 11(N) are
formed (hereinafter, these are collectively referred to as
“ogate drivers 11” when they are not distinguished particu-
larly). The gate driver 11 1s an exemplary gate line driving
circuit that controls the voltage level (potential) of the gate
line 13G according to control signals supplied from outside
the display region. The gate drivers 11(1) to 11(N) are
provided so as to correspond to the gate lines GL(1) to
GL(N), respectively.

In the following description, circuits provided for con-
trolling the voltage level of one gate line 13G are assumed
to be one gate driver 11 (1n other words, one gate line driving
circuit). Each gate driver 11 controls a voltage level of one
gate line corresponding to the gate driver 11. In other words,
cach gate driver 11 1s provided so as to correspond to the
gate line 13G as a target of the control. Each gate driver 11
outputs a voltage signal to the gate line 13G corresponding
to the same. The configuration, therefore, 1s such that a
plurality of the gate drivers 11 are connected to a plurality
of the gate lines 13G, respectively. The gate drivers 11 may
be connected to, not only the gate lines 13G as the control
targets, but also the gate lines other than the gate lines as the
control targets (detailed examples are described below).

In the example 1llustrated 1n FIG. 3, the gate drivers 11 1n
the display region are arranged at positions closer to gate
lines other than the gate lines 13G corresponding thereto,
that 1s, the control lines as the control targets. For example,
the gate driver 11(2) corresponding to the gate line GL(2) 1s
arranged at a position closer to the gate line GL(1), than to
the gate line GL(2). In other words, the gate driver 11(%) (not
illustrated 1n FI1G. 3) corresponding to the gate line GL(k) 1n

the k’th row 1s arranged at a position closer to the gate line
GL(k-1) (not shown) adjacent to the gate line GL(k), than

to the gate line GL(k).
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Incidentally, for the gate driver 11(1) corresponding to the
gate line GL(1), positioned at an end, the gate line GL(1) as
a gate line to which the gate driver 11(1) corresponds 1s the
gate line arranged at the closest position to the gate driver
11(1). In other words, the gate drivers 11(1) to 11(IN) other
than the gate driver 11(1) or 11(IN) corresponding to one of
the gate lines GL(1), GL(N) at both ends of a plurality of the
gate lines 13G are arranged at positions closer to other gate
lines than to the gate lines corresponding to the same,
respectively. In this case, the gate driver 11(1) corresponding,
to the gate line GL(1) at the end may be arranged outside the
display region.

Further, 1n the example illustrated 1n FIG. 3, four gate
drivers 11 are connected to each of the gate lines 13G
denoted by GL(1), GL(2), . . . GL(K), and two gate drivers
11 are connected to each of the gate lines 13G denoted by
GL(K), GL(N-m) to GL(N).

In the display region of the active matrix substrate 20a, in
a frame region on a side where the source driver 3 1is
provided, a terminal part 12¢ 1s formed. The terminal part
12¢ 1s connected with the control circuit 4 and the power
source 3. The terminal part 12g receives control signals
output from the control circuit 4 and the power source 5. The
control signals include, for example, clock signals (CKA,
CKB), a reset signal, or a power source voltage signal. The
control signals such as the clock signals (CKA, CKB) and
the power source voltage signal, input to the terminal part
12¢, are supplied to each gate driver 11 through the lines
151.1. The gate drivers 11, in accordance with the control
signals supplied thereto, output selection signals indicating
a selection state or a non-selection state, to the gate lines
13G connected thereto.

Further, the gate drivers 11 connected to the gate lines
13G on each stage are connected to the gate lines 13G on the
previous stage. This allows the gate drivers 11 on each stage
to receive a selection signal from the gate lines 13G on the
previous stage as a set signal. In other words, the gate drivers
11 of each stage can output a selection signal to the gate line
connected thereto, and can output a set signal to the gate line
13G on the next stage. In the following description, an
operation of outputting a selection signal to one gate line
13G 1s called “driving of the gate line 13G” 1n some cases.

Further, 1n the active matrix substrate 20a, 1n the frame
region on the side where the source driver 3 1s provided, a
terminal part 12s that connects the source driver 3 and each
source line 15S with each other 1s formed. The source drniver
3 outputs a data signal to each source line 135S (see FIG. 2),
according to the control signals mput from the display
control circuit 4.

As 1llustrated 1 FIG. 3, 1n the present embodiment, a
plurality of the gate drivers 11 are connected to each of the
gate lines 13G denoted by GL(1) to GL(N) 1n the display
region. The gate drivers 11 connected to the i1dentical gate
line 13G are 1n synchronization, and one gate line 13G 1s
simultaneously driven by these gate drivers 11. In the
present embodiment, a plurality of the gate drivers 11
corresponding to one gate line 13G are connected to the one
gate line 13G at approximately equal intervals 1n the direc-
tion 1 which the gate line 13G extends, 1n such a manner
that loads on the gate drivers 11 for driving the one gate line
13G should be approximately equal.

(Configuration of Gate Driver 11)

Here, the configuration of the gate driver 11 according to
the present embodiment 1s described. FIG. 4 illustrates an
exemplary equivalent circuit of the gate driver 11 that drives
the gate line 13G of GLn (n 1s a natural number of 1,

2,...,N-1, N). As illustrated 1n FIG. 4, the gate driver 11
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includes TFTs M1 to M11 formed with thin film transistors
(TFTs) as switching elements, a capacitor Cbst, and lines
netA, netB. Here, netA 1s one example of an accumulation
line for accumulating the voltage to be applied to the gate
line 13G. The gate driver 11 includes an output umt Ul as
a circuit block.

The output unit U1 controls the conduction between netA
as an exemplary accumulation line and the gate line GL(n).
The output unit Ul includes TFT M3 (one example of a first
switching element) connected to between netA and the gate
line GL(n). Further, 1n the present example, the output unit
Ul includes the capacitor Cbst (one example of a first
capacitor) connected to between the gate line GL(n) and
netA. With the capacitor Cbst and TF'T M3, a voltage to be
applied to the gate line GL(n) can be accumulated 1n netA.
The output unit Ul, therefore, can be regarded as the last
bufler for charging a voltage signal to be applied to the gate
line GL(n). Further, the output unit U1 can be regarded as an
output circuit that includes a switching element and a
capacitor connected to between the gate line GL(n) and
netA. In the example illustrated 1n FIG. 4, the gate of TFT
MS5 1s connected to netA, the drain thereof i1s connected to
a control signal line that supplies the clock signal CKA, and
the source thereof i1s connected to the gate line GL(n).
Further, one electrode of the capacitor Cbst 1s connected to
the GL(n) and a source of TF'T M3, and the other electrode
thereofl 1s connected to netA. With this configuration, a
bootstrap circuit can be formed.

To netA, TFT M1 1s connected. TFT M1 1s an element of
a circuits that composes an accumulated voltage supply unit
that causes the voltage of netA as an accumulation line to
vary according to a signal mput from another gate line. TFT
M1 1s connected to between netA and the gate line GL(n-1)
of the previous stage, and causes the voltage of netA to vary
according to a signal input from the gate line GL(n-1) of the
previous stage. In the present example, the gate and the drain
of TFT M1 are connected with the gate line GL(n-1) of the
previous stage (diode connection), and the source of TFT
M1 1s connected to netA. With this configuration, at a timing
when a selection signal of the gate line GL(n-1) of the
previous stage 1s received, a voltage to be applied to the gate
line GL(n) can be charged to netA. In this way, TFT M1 can
be regarded as a charging circuit that accumulates, to netA,
a voltage for applying a voltage at a level of a selected state
(high level 1n the present example) to the gate line GL(n).

To netA, further, TF1Ts M2 to M4 are connected. To the
gate of TF'T M4, netB 1s connected. To netB, TFTs M8 to
M11 are connected. A circuit composed of these TFTs M2 to
M4, and M8 to M11 can be regarded as an accumulated
voltage adjustment unit that adjusts the voltage of netA to a
predetermined level according to the control signals. TFTs
M2 to M4, and M8 to M11 adjust the voltage of the
accumulation line netA to a predetermined level according
to the control signals or a signal of another gate line
GL(n+1).

In the example illustrated in FIG. 4, TF'Ts M2 to M4 and
M8 to M11 compose a circuit that controls the voltage of
netA 1n order to return the voltage of the gate line GL(n)
from the level of the selected state to the level of the
non-selected state at an appropriate timing. For this purpose,
TFT M4 1s connected to between netA and a control signal
line that supplies a power source voltage signal VSS at a
predetermined level (low level). TF1s 8 to M11 generate a
signal for controlling the turning ON/OFF of TFT M4, based
on the clock signals CKA, CKB and a set signal from the
gate line GL(n-1) of the previous stage. TFT M2 1s con-
nected to between netA and the control signal line that
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supplies the power source voltage signal VSS, and supplies
the power source voltage Slgnal VSS to netA according to
the reset signal CLR. TFT M3 1s connected to between netA
and the control signal line that supplies the power source
voltage signal VSS, and supplies the power source voltage
signal VSS to netA according to a signal of the gate line
GL(n+1) of the next stage.

More specifically, the source of TFT M8 1s connected to
netB, and the gate and the drain thereot are connected to the
control signal line that supplies the clock signal CKB (diode
connection). Regarding TFT M9, the drain thereof 1s con-
nected to netB, the gate thereof 1s connected to the control
signal line that supplies the clock signal CKA, and the
source thereof 1s connected to the control signal line that
supplies the power source voltage signal VSS. The drain of
TFT M10 1s connected to netB, the gate thereof 1s connected
to the control signal line that supplies the reset signal CLR,
and the source thereof 1s connected to the control signal line
that supplies the power source voltage signal VSS. The drain
of TFT MI11 1s connected to netB, the gate thereof 1is
connected to GL(n-1) of the previous stage, the source
thereol 1s connected to the control signal line of the power
source voltage signal VSS.

TFTs M6 and M7 connected to the gate line GL(n) are
clements of a circuit that adjusts the voltage of the gate line
GL(n) to a predetermined level according to control signals.
In the present example, TF'Ts M6 and M7 adjust the voltage
of the gate line GL(n) to a level for the non-selection state
based on the control signals. For this purpose, TF'Ts M6 and
M7 are provided between the gate line GL(n) and the control
signal line for the power source voltage signal VSS at the
predetermined level (low level).

The drain of the TFT M6 i1s connected to the gate line
GL(n), the gate thereof 1s connected to the control signal line
for the reset signal CLR, the source thereof 1s connected to
the control signal line for the power source voltage signal
VSS. The drain of the TFT M7 1s connected to the gate line
GL(n), the gate thereot 1s connected to the control signal line
for the clock signal CKB, and the source thereof 1s con-
nected to the control signal line for the power source voltage
signal VSS.

In the present embodiment, the phase of the clock signal
CKA and the phase of the clock signal CKB are opposite to
cach other. The phase of the clock signal for the gate driver
11 of the gate line of each stage, and the phase of the clock
signal for the gate driver 11 of the gate line of the adjacent
stage are opposite to each other, too. Therelore, for example,

the gate driver 11 of the gate line GL(n+1) has such a
configuration that CKA and CKB are replaced with each
other 1n the configuration illustrated 1n FIG. 4. More spe-
cifically, in the gate driver of the gate line GL(n), the clock
signals supplied to TFT M7, TFT MS, TFT M9, and TFT M8
are arranged so as to have phases opposite to those of the
clock signals supplied to TF1s of the gate driver of the
adjacent gate line GL(n+1), respectively.

The reset signal CLR, for example, can be kept at a H
level for a predetermined certain period belfore the start of
scanning of the gate lines. In this case, the reset signal CLR
rises to the H level every vertical period. The rise of the reset
signal CLR to the H level causes netA and the gate line GL
to be reset to the L level (the level of the power source
voltage signal VSS). Further, at the start of one vertical
period, to the gate line GL(1) on the first stage, a gate start
pulse (GSP) 1s mput as a signal S.

(Exemplary Arrangement in Display Region)

FIG. 5 illustrates an exemplary circuit configuration 1n a

case where the gate driver 11 illustrated 1n FIG. 4 1s arranged
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in the display region. In the display region, pixels are
arranged at positions corresponding to points of intersection
between the source lines 15S and the gate lines GL, respec-
tively. In each pixel, TF'T MP, which 1s an exemplary pixel
switching element, 1s provided. TFT MP 1s connected to the
source lines 135S and the gate lines GL. Further, TFT MP 1s
connected to a pixel electrode 21. TFT MP 1s turned ON (the
conductive state) at a timing when the gate line GL 1s
selected. When TF'T MP 1s 1n an ON state, a data signal from
the source line 15S 1s supplied to the pixel electrode 21.

The pixels are arranged 1n a row direction along each gate
line GL. For example, pixels PR(n) 1in the n’th row, are
arranged along the gate line GL(n) 1n the n’th row. TFTs MP
of the pixels of one row are all connected to the same gate
line GL. To one gate line GL, therefore, a plurality of TFTs
MP arrayed 1n the gate line GL direction are connected. In
this example, TFTs MP connected to one gate line GL(n) are
arranged at positions closer to the gate line GL(n) to which
the same are connected, than to the gate lines GL(n+1),
GL(n-1) that are adjacent thereto.

In the example 1llustrated 1n FIG. 5, the gate driver 11 for
driving the gate line GL(n) in the n’th row, 1s arranged at a
position closer to the gate line GL(n+1) 1n the (n+1)’th row,
than to the gate line GL(n) 1n the n’th row. More specifically,
a plurality of TFTs, 1.e., TF'Ts M1 to M11, included 1n the
gate driver for the gate line GL(n) are arranged in a pixel
array aligned along, not the gate line GL(n), but another gate
line GL(n+2). Between the pixel array along this another
gate line GL(n+2) and a pixel array along the gate line GL(n)
driven by the gate driver of TFTs M1 to M11, still another
pixel array (the pixel array 1n the (n+1)’th row) 1s arranged.
In this way, between one gate line GL(n) and TF'Ts M1 to
M11 of the gate driver that drives the gate line GL(n), at least
one gate line GL(n+1) 1s arranged. Thus, between a gate
driver and a gate line corresponding to the gate driver, at
least a pixel array corresponding to another gate line is
arranged.

In the example 1llustrated in FIG. 5, not only TFTs M1 to
M11 of the gate driver corresponding to the gate line GL(n),
but also the capacitor Cbst as well as the accumulation lines
netA, netB, are arranged at positions closer to another gate
line GL(n+1) or GL(n+2), than to the gate line GL(n). This
makes 1t possible to set a gate line to which a driving signal
1s output from a gate driver, apart ifrom the TFTs, the
capacitor, and the lines included 1n the foregoing gate driver,
with at least one pixel therebetween. This makes 1t possible
to provide a greater distance between TFTs MP connected to
the gate line GL(n), and TFTs M1 to M11 of a corresponding
gate driver whose switching timings tend to coincide with
those of the TFTs MP. This makes it possible to arrange
TFTs, a capacitor, and lines of a gate driver whose potential
changes at the same timings as the TFTs MP, at positions
apart from the TFTs MP to such an extent that influences
thereol are not exerted to the TFTs MP.

FIG. 6 illustrates an exemplary circuit configuration
around TFT MS illustrated in FIG. 5. In the example
illustrated 1 FIG. 6, at positions where the source line 155
and the gate lines GL intersect, the gate lines GL have a
greater line width, thereby forming gate electrodes 23 of the
pixel-TFTs MP. At positions overlapping the gate electrodes
25, semiconductor layers 23 are provided with insulating
films (not shown) being interposed therebetween. In a part
of each semiconductor layer 23, a source electrode formed
integrally with the source line 15S, and a drain electrode 22,
are stacked and arranged. The drain electrode 22 1s con-
nected with the pixel electrode 21 through a contact hole
22a. Thus, the pixel-TFT MP 1s provided 1n such a manner
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than a corner thereof 1s positioned at a position where the
source line 15S and the gate line GL intersect with each
other.

TF'T M5(n-1) that composes the gate driver correspond-
ing to the gate line GL(n-1) 1s arranged at a position closer
to the gate line GL(n), than to the gate line GL(n-1). In other
words, between TF'T M5(nz—-1) and the gate line GL(n-1),
there are arranged the gate line GL(n) adjacent to the gate
line GL(n-1), as well as the pixel-TFTs M. 3‘(11) and the pixel
electrodes 21(»2) connected to the gate line GL(n).

TF'T M5(n-1) includes a gate electrode 28, a semicon-
ductor layer 28 provided at a position overlapping the gate
clectrode 28 with an insulating film being interposed ther-
ebetween, as well as a source electrode 29 and a drain
clectrode 27 that are provided on the semiconductor layer 28
so as to be kept apart from each other and opposed to each
other. The gate electrode 28 1s formed on netA(n-1), which
1s arranged so as to be opposed to the gate line GL(n) and
extend along the gate line GL(n), at a position where
netA(n-1) has a greater line width. A line 24 that connects

the source electrode 29 of TFT M5(n-1) and the gate line
GL(n-1) with each other straddles the gate line GL(n) and
the pixel electrode 21(») connected to the gate line GL(n),
and extends to the gate line GL(n-1). To the drain electrode
27 of TFT MS3(n-1), a clock signal line CK that supplies a
clock signal 1s connected. In the example illustrated 1n FIG.
6, capacity coupling occurs between TF'T M5(2-1) and the
pixel-TF'Ts MP(n).

(Operation Example)

FIG. 7 1s a timing chart illustrating an exemplary signal
wavelorm of the gate driver 11 illustrated 1n FIGS. 4 and 5
during operation. In the description below, the low level as
a signal level 1s referred to as a L level, and the high level
1s referred to as a H level. The gate driver 1llustrated in FIGS.
4 and 5 15 an example of a gate driver using two-phase clock
(CK). FIG. 7 illustrates wavetorms of two clock signals

CKA, CKB having phases diflerent from each other. In the
example illustrated 1n FIG. 7, the clock signals CKA, CKB
have a pulse width of 1H. The GSP 1s assumed to rise at t0,
and times of every 1H thereafter are referred to as tl,
t2, . ... Here, 1H can be set to a value obtained by dividing
a vertical scanning cycle by the number of the gate lines
13G.

Before time t0, the clock signals CKA and CKB are at the
L level, and all of netA(1), netB(1) and GL(1) are at the L
level.

At time 10, the clock signal (CKA) falls to the L level and
the clock signal (CKB) rises to the H level, which causes
GSP to be input to the gate and drain of TFT M1 of the gate
driver on the first stage. With this, TFT M1 1s turned ON and
netA(l) 1s charged to the H level. Further, since TFT M11 1s
turned ON, TFT M8 i1s turned ON, and TFT M9 1s turned
OFF, netB(1) 1s 1n a state of being maintained at the L level.
Since TFT M4 and TF'T M5 are turned OFF, the potential of
netA(1) does not fall and 1s maintained. During this period,
TFT M7 1s turned ON, and the potential of the gate line
GL(1) 1s at the L level.

At time t1, the clock signal (CKA) rises to the H level and
the clock signal (CKB) falls to the L level, which causes TF'T
MS5 to be turned ON, and TFT M7 to be turned OFF. Since
the capacitor Cbst 1s provided between netA(1) and the gate
line GL(n), netA(1) 1s charged to a potential higher than the
H level of the clock signal (CKA), along with the rise of the
potential of the drain of TFT MS. Durning this period, since
TFT M8 and TFT M1 are turned OFF and TFT M9 1s turned
ON, the potential of netB(1) 1s maintained at the L level.
Since TFT M4 1s 1n an OFF state, the potential of netA(1)
does not fall, and the potential at the H level of the clock
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signal (CKA) 1s output to the gate line GL(1). This causes
the gate line GL(1) to become 1n a selected state, and the set

signal S to be output to the gate driver 11 of the gate line
GL(2) on the next stage. As a result, netA(2) of the gate
driver of the next stage 1s precharged to a voltage level that
1s lower than the H level by a threshold value of TFT M1.

At time t2, the clock signal (CKA) falls to the L level and
the clock signal (CKB) rises to the H level, which causes
TFT M8 to be turned ON and TFT M9 to be turned OFF,
whereby netB 1s charged to the H level. This causes TFT M4
to be turned ON and netA(1) 1s charged to the L level.
During this period, since TFT M7 1s turned ON and TFT M5
1s turned OFF, the potential at the L level 1s output to the gate
line GL(1), and the gate line GL(1) 1s charged to the L level.
The gate line GL(1) returns to the non-selected state.

Further, at time 12, TFT M3 of the next stage 1s turned ON
in response to the potential of netA(2) at or higher than the
H level, and a voltage at the H level of the clock signal
(CKB) 1s output to the gate line GL(2). At time t3, the
potential of the gate line GL(2) falls from the H level to the
L. level, whereby the gate line GL(2) shifts to the non-
selected state, while the potential of the gate line GL(3) rises
from the L level to the H level, whereby the gate line GL(3)
shifts to the selected state. Thereafter, the gate lines GL(1)
to (N) are sequentially selected in the same manner, in
accordance with the cycles of the clock signals.

In this way, the liquid crystal display device 1 sequentially
scans the gate lines 13G by using a plurality of the gate
drivers 11 connected to each gate line 13G, and supplies data
signals to each source line 135S by using the source driver 3,
thereby causing an 1mage to be displayed on the display
panel 2. In the present embodiment, 1n the display region, a
plurality of gate drivers 11 for driving one gate line 13G are
formed 1n a space between the gate lines 13G. Even 1n a case
where the lengths of the gate lines 13G are determined
according to the width of the outer shape of the display panel
2, the gate lines 13G are sequentially selected one by one
according to the set signal output from the gate drivers 11 1n
the display region.

Further, the control signals such as the clock signals, the
power source voltage signal, and the like supplied to each
gate driver 11 are mput from one side of the display panel
2, which 1s the side where the source driver 3 1s provided.
This makes 1t possible to narrow the frame regions on the
three sides where the source driver 3 1s not provided. Thus,
the design of the outer shape of the display panel 2 is not
limited by the arrangement of the gate drivers 11, whereby
the degree of freedom 1n design can be increased.

ftects of Embodiment

[T

FIG. 8 1s a timing chart illustrating signals for the gate
lines GL(n-1) and GL(n) arranged as illustrated in FIG. 6,
as well as netA and netB of the gate drivers corresponding
to the same. FIG. 8 illustrates an exemplary case where the
gate drivers operate 1 a manner illustrated in the timing
chart of FIG. 7. When the potential of the gate line GL(n-1)
rises from the L level to the H level, the pixel-TFTs MP
connected to the gate line GL(n-1) shift from the OFF state
to the ON state. During a period while the pixel-TFTs MP
are 1n the ON state, a signal voltage according to luminance
to be displayed 1s applied to the pixel electrodes 21, through
the source lines 15S. When the potential of the gate line

GL(n-1) falls from the H level to the L level, the pixel-TFTs
MP shift from the ON state to the OFF state. After the
pixel-TFTs MP shift to the OFF state as well, the voltage
applied to the pixel electrodes 21 1s maintained.
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In the example 1llustrated in FIG. 8, when the potential of
the gate line GL(n) falls from the H level to the L level,
potentials of TFT MS35(»-1) and netA(n-1) of the gate driver
in the viciity of the gate line GL(n) (see FIG. 6) do not
change. Even 11 capacity coupling occurs between the gate
line GL(n) and TFT M5(2-1) or netA(n-1), intfluences of
potential changes 1n TF'T M5(n-1) or netA(n-1) are hardly
exerted to the operations of the pixel-TFTs MP(n).

In other words, regarding intluences of capacity coupling
at the pixel TR(n) 1n the n’th row, there 1s substantially no
influence from the gate driver that drives the gate line GL(n)
in the n’th row, but there are some influences from the gate
driver that drives the gate line GL(n-1) 1n the (n—-1)’th row.
Here, as illustrated in FIG. 8, at a timing when the pixel-
TFTs MP(n) of the pixels TR(n) in the n’th row shift from
ON state to OFF state, the potential of netA of the gate driver
that drives the gate line GL(n-1) of the (n-1)’th row (the
node having the greatest potential change among the nodes
in the gate driver) does not change. It 1s therefore unhkely
that influences of pull-in by the gate driver would remain in
the pixel electrode and be held.

FIG. 9 illustrates, as a comparative example, an exem-
plary circuit configuration 1n a case where a gate driver 1s
arranged so as to be closest to the gate line that the gate
driver drives. In the example illustrated 1n FIG. 9, a TFT-
arranged region TR(n) where TFTs of the gate driver that
drive the gate line GL(n) in the n’th row are arranged 1is
arranged at a position closest to the gate line GL(n), rather
than to the other gate lines. FIG. 10 illustrates an exemplary
circuit configuration around TFT MS illustrated 1n FIG. 9.
TFT M5(n) of the gate driver 1s arranged so that the gate line
GL(n) that the gate driver drives 1s closest to the gate driver.

When the gate driver having a configuration illustrated in
FIGS. 9 and 10 operates 1n the same manner as 1llustrated 1n
the timing charts illustrated 1n FIGS. 7 and 8, M5(#) shifts
from the ON state to the OFF state simultaneously at the
timing when the pixel-TEF'T M5(#») shiits from the ON state
to the OFF. In the case of the configuration illustrated 1n FIG.
10, capacity coupling occurs between the pixel-TFT MP(n)
and TFT MS(n).

Therelore, 1n the case of the pixel TR(n) near which there
1s a gate driver, when potentials of the elements (the line
netA, the capacitor Chst, the control line for the clock signal
(CK), and the like) of the gate drniver arranged around the
pixel-TFT MP(n) and the pixel electrode 21(72) change at the
timing when the pixel-TFT MP(n) shifts from the ON state
to the OFF state, the potential of the pixel electrode 21(»)
changes due to influences of capacity coupling. If the
pixel-TFT MP(n) 1s turned OFF 1n the foregoing state, the
pixel electrode 21(») holds a potential that 1s different from
the proper potential that the source line 135S 1s supposed to
have. FIG. 11 illustrates an exemplary case where the pixel
clectrode has a potential different from the proper potential
that the pixel electrode 1s supposed to have. This causes the
pixel TR(n) to have a different luminance as compared with
the luminance of the pixels near which there 1s no gate
driver, and results in display irregularities visible in the
panel.

For example, in a case where netA(n) of the gate driver
that drives the gate line GL(n) in the n’th row, and the pixel
TR(n) 1n the n’th row, (1n particular, the pixel-TF'T MP(n),
the common electrode, and the pixel electrode 21(7)) have
a relatively large parasitic capacitance, the potential of

netA(n) changes at a timing immediately before the pixel-
TFT MP(n) 1n the n’th row shiits from the ON state to the
OFF state, and the pixel-TFT MP(n) 1s turned off and holds

charges while being 1n a state of including influences of the

5

10

15

20

25

30

35

40

45

50

55

60

65

14

pull-in of netA(n). The voltage value of the pixel electrode

after the pixel-TF'T MP(n) 1s turned off 1s therefore different,

as compared with the pixels where no netA(n) 1s arranged,
which 1s visible as display irregularities.

In contrast, in the case of the configuration 1llustrated 1n
FIGS. 5 and 6, the gate driver 11(»2) that drives a certain gate
line GL(n) 1s arranged 1n the vicinity of gate lines GL(n+1)
or GL(n-1), which 1s other than the gate line GL(n). More
specifically, in the vicinity of the pixels of the (n+1)’th row
driven by the gate line GL(n+1), or the pixels of the (n-1)’th
row driven by the gate line GL(n-1), the gate driver 11(»)
that drives the gate line GL(n) 1s arranged.

By setting the position of the gate line GL(n) and the
position of the gate driver 11(») that drives the gate line
GL(n) apart from each other 1n this way, 1t 1s made possible
to prevent potential changes from occurring to the gate
driver elements arranged in the vicinity of the pixel-TFTs
MP(n) and the pixel electrodes 21(») at a timing when the
pixel-TFTs MP(n) shift from the ON state to the OFF state.
This leads to the elimination of the pull-in caused by
capacity coupling, thereby preventing display irregularities
from occurring.

Incidentally, in a case where potentials of the gate driver
clements near the pixel-TFT MP(n) change when the pixel-
TFT MP(n) 1s in ON state, the potential of the pixel electrode
21(») returns to the proper potential level since the pixel
clectrode 21(») 1s connected with the source line 15S, even
if influences due to capacity coupling are exerted to the pixel
clectrode 21(»). Further, 1n a case where potentials of the
gate driver elements near the pixel-TFT MP(n) change when
the pixel-TFT MP(n) 1s in OFF state and influences are
exerted to the potential of the pixel electrode 21(#), influ-
ences 1n the positive and negative directions are alternately
exerted thereto, and hence the potential changes are can-
celed. This causes the influences on the display quality to
decrease. For this reason, with such a configuration that any
gate driver element whose potential changes at the same
timing as the tlmmg at which the state of the pixel-TFT
MP(n) changes 1s not arranged in the vicinity of the pixel-
TFT MP(n), 1t 1s possible to eflectively suppress the dete-
rioration ol display quality.

Modification Example

In the example 1llustrated 1n FIG. 5, all of the TFTs M1
to M11 of the gate driver 11(#) correspondmg to the gate line
GL(n) are arranged at positions closer to another gate line
GL(n+1), than to the gate line GL(n). In contrast, 1t 1s
possible to provide, for example, a configuration 1n which,
among TFTs M1 to M11 of the gate driver 11(»), TFTs that
have potentials changing at the same timings as the timings
of the pixel-TFTs MP(n) can be arranged at positions closer
to another gate line (for example, GL(n+1)), than to the
corresponding gate line GL(n).

An exemplary configuration 1s as follows: the TFT MS of
the output unit U1 (last bufler) 1s arranged 1n the vicinity of
the another gate line GL(n+1), and the other TFTs M1 to M4,
and M6 to M7 are arranged 1n the vicimity of the gate line
GL(n) corresponding to the gate driver 11(»). In this case,
netA as an accumulation line connected to the last bufler can
be arranged 1n the vicinity of a gate line other than the gate
line GL(n). Besides, TF'T M3, the capacitor Cbst, and the
line netA of the output unit Ul may be arranged in the
vicinity of a gate line other than the corresponding gate line
GL(n), whereby the elements that highly possibly influence
the pixel electrode 21(») can be set apart from the pixel-

TFTs MP(n) of the pixel electrodes 21(z).
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Further, in the example illustrated 1n FIG. 5, not only
TFTs M1 to M11 of the gate driver 11(7), but also the
capacitor Cbst, are arranged at positions closer to the another
gate line GL(n+1), than to the gate line GL(n) driven by the
gate driver 11(»). Thus, the configuration can be such that at
least either the TFTs or the capacitor of the gate driver 11(#)
1s arranged at a position closer to the another gate line
GL(n+1), than to the gate line GL(n) that the gate dniver
11(») drives. For example, even with a configuration 1in
which only the capacitor Chst 1s arranged at a position closer
to the another gate line GL(n+1), than to the gate line GL(n)
driven by the gate driver 11(z»), the above-described efiects
can be achieved. Still further, the capacitor arranged at a
position closer to another gate line 1s not limited to the
capacitor of the last builer. A capacitor formed when a
conductive member connected to TFT of the gate driver
11(#) 1s arranged so as to be opposed to another conductive
member can be arranged at a position closer to another gate
line, as described above.

In the example 1llustrated 1n FIGS. 5 and 6, between TEFT
or a capacitor of the gate driver 11(») and the gate line GL(n)
corresponding to the gate driver 11(»), there 1s arranged
another gate line G(n+1). In contrast, the configuration may
be such that another gate line 1s not arranged between TFT
or the capacitor of the gate driver 11(») and the correspond-
ing gate line GL(n).

FIG. 12 illustrates a modification example of the arrange-
ment of TEFT M5(#») of the gate driver 11(»). In the example
illustrated 1n FIG. 12, no gate line 1s arranged between TFT
M5(n) as well as netA(n), and the corresponding gate line
GL(n) dniven by these. Between TFT MS(») as well as
netA(n), and the corresponding gate line GL(n), the pixel
clectrode 21(») connected to the gate line GL(n) 1s arranged.
On one side of the pixel electrode 21(#) opposed to the gate
line GL(n), the pixel-TFT MP(n) 1s arranged. At a position
opposed to a side of the pixel electrode 21(»), the side being
opposite to the gate line GL(n) side, TF'T M5(#) 1s arranged.
A line 24 that connects the gate line GL(n) and the source
clectrode 29 of TFT M5(») with each other 1s provided at a
position overlapping the pixel electrode 21(») 1n plan view.

Further, the clock signal line CK connected to the drain
clectrode 27 of the TFT M5(n) 1s formed at a position
overlapping the pixel electrode (n—1) adjacent thereto 1n

plan view so as to extend 1n the same direction as the source
line 15S. In this example, capacity coupling can occur
between TFT MS3(n) and the pixel-TFT MP(n-1). Here,
since operation timings of the pixel-TF'T MP(n-1) and those
of TFT M5(») are different, potential changes of TF'T M5(7)

do not significantly influence the potential of the pixel
clectrode 21(n).

Embodiment 2

FIG. 13 illustrates an exemplary equivalent circuit of a
gate driver 11 according to Embodiment 2. The gate driver
illustrated in FIG. 13 has a configuration of a gate driver that
operates with a four-phase clock (CK). Regarding parts
identical to those of the equivalent circuit 1llustrated 1n FIG.
4, descriptions are omitted. In the example 1llustrated in FIG.
13, the drain and the gate of TF'T M1 connected to netA are
connected to the gate line GL(n-1) of the previous stage.
Further, to the gate of TF'T M3, the gate line GL(n+3), which
1s three stages ahead, 1s connected. Still further, to the drain
and the gate of TFT M8, the control line for the clock signal
CKD 1s connected, and to the gate of TFT M9, the control
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line for the clock signal CKC 1s connected. Still further, the
gate line GL(n-2), which 1s two stages behind, 1s connected

to the gate of TF'T MI11.

FIG. 14 illustrates an exemplary circuit configuration 1n a
case where the gate drniver illustrated 1n FIG. 13 1s arranged
in the display region. In the example illustrated 1n FIG. 14,

TFTs M1 to M11 and the capacitor Cbst of the gate driver
11(72) that drives the gate line GL(n) in the n’th row, are
arranged at a position closer to the gate line GL(n+2), which
two stage behind with respect to the gate line GL(n).
Between TFTs M1 to M11 as well as the capacitor Chbst, and
the corresponding gate line GL(n), two gate lines GL(n+1)
and GL(n+2) are arranged. The lines netA and netB of the
gate driver 11(») are partially arranged at positions along the
gate line GL(n+1). In this example, a TFT-arranged region
TR(n) where TFTs of the gate driver 11(») are arranged 1s
two pixels apart from the pixels PR(n) of the gate line GL(n)
that the gate driver 11(») drives.

FIG. 15 1s a timing chart illustrating exemplary signal
wavetorms for the gate driver 11 illustrated 1in FIGS. 13 and

14 during operation. In the example illustrated i FI1G. 7, the
clock signals CKA, CKB, CKC, and CKD have a pulse
width of 2H. The clock pulses CKA and CKB have phases
opposite to each other, and the clock pulses CKC and CKD
also have phases opposite to each other. The clock pulses
CKA and CKC have phases that are shifted from each other
by Y4 wavelength. The clock pulses CKB and CKD also
have phases that are shifted from each other by V4 wave-
length.

In the example 1llustrated 1n FI1G. 15, when CKA first rises
from the L level to the H level at time t2, potentials of
netA(l) of the first gate driver 11(1) and the gate line GL(1)
rise from the L level to the H level. Thereby, the gate line
GL(1) shifts to the selected state. At time t3, 1.e., when 1H
lapses from time t2, simultaneously when CKC rises, poten-
tials of netA(2) of the gate driver 11(2) and the gate line
GL(2) 1n the second row rise, and when CKA returns from
the H level to the L level at time t4, the gate line GL(1) also
returns from the H level to the L level (returns to the
non-selected state). Thereafter, sequentially, GL(3),
GL(4), . . . are 1n the selected state for a period of 2H each,
every time when 1H lapses.

FIG. 16 1s a timing chart 1llustrating signals for gate lines
GL(n-1), GL(n), and netA, netB of gate drivers correspond-
ing to these gate lines, arranged as illustrated in FIG. 14.
FIG. 16 illustrates an exemplary case where the gate drivers
operate according to the timing chart illustrated 1n FIG. 15.

According to such an arrangement as illustrated in FIG.
14, for example, regarding the pixels (the pixels 1n the n’th
row) driven by the gate line GL(n) in the n’th row, the gate
driver 11(»-2) that drives GL(n-2) 1s arranged at a shorter
distance to the pixels, than the gate driver 11(#) that drives
GL(n) 1s. Regarding influences of capacity coupling, the
gate driver 11(7) that drives the gate line GL(n) in the n’th
row has substantially no intluence on the pixels of GL(n),
but the gate driver 11(»2-2) that drives the (n-2)’th gate line,
1.e., the gate line GL(n-2), has influences on the pixels of
GL(n). Here, in the example illustrated in FIG. 16, at a
timing when the pixel-TFTs MP(n) in the n’th row shift from
the ON state to the OFF state, that 1s, at a timing when the
potential of the gate line GL(n) falls from H to L, the
potentials of the accumulation lines netA and netB, which
are internal nodes of the gate driver 11(2-2) that drives the
(n—2)"th gate line, 1.¢., the gate line GL(n-2), do not change.
Therefore, such a problem that influences of pull-in remain
and are held in the pixel electrodes does not occur.
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In the example illustrated 1n FIG. 8, at a timing when
GL(n) falls from the H level to the L level, netB(n-1)

changes. In a case where netB(n-1) 1s 1 the vicinity of the
gate line GL(n), therefore, influences of netB possibly
remain 1n the pixels of GL(n). In contrast, in the example
illustrated in FIG. 16, at a timing when GL(n) falls from the
H level to the L level, neither netA(n-2) nor netB(n-2)
changes. The pixels of GL(n), therefore, are influenced by
neither netA(n-2) nor netB(n-2). In this way, by using a
multiphase clock of four or more phases, influences of
capacity coupling can be suppressed.

Further, In the present embodiment, pixel arrays of two
rows are arranged between an area where the gate driver
11(7) 1s arranged, and the gate line GL(n) that the gate drniver
11(7») drives. In this way, a pixel array where the gate drniver
11(#) 1s arranged and the pixel array of the gate line GL(n)
are arranged apart by one pixel from each other, but the same
may be set apart by 2 pixels or more. As the distance
therebetween increase, however, a distance through which a
line that connects TFT MS, etc., of the output unit Ul and
the gate line with each other 1s routed increases. As the line
1s longer, loads on the gate line increase. For this reason, 1t
1s desired that they are set apart at such a minimum distance
that influences of capacity coupling can be reduced.

FIG. 17 illustrates an exemplary circuit configuration 1n a
case¢ where the gate driver illustrated 1n 13 1s arranged so as
to be closest to the gate line that the gate driver drives, as a
comparative example. In the example illustrated 1n FIG. 17,
a TFT-arranged region TR(n) for TFTs of the gate driver that
drives the n’th gate line, 1.e., the gate line GL(n), 1s arranged
at the position closest to the gate line GL(n), as compared
with the other gate lines. In this case, the lines that connect
netA of the gate driver and TFTs M1 to M4 are arranged in
the pixels of the gate line GL(n). The potential of netA that
changes at the same time as a timing when the pixel-TFTs
MP(n) of the gate line GL(n) shift from the ON state to the
OFF state, influences the pixel voltage of the gate line
GL(n). Further, TFT MS of the last bufler 1s arranged at
positions opposed to the pixel-TFT MP(n) of the gate line
GL(n). At a timing when the pixel-TF'Ts MP(n) of the gate
line GL(n) change, the potential of TFT M3 changes at the
same time, thereby influencing the pixel voltage of the gate
line GL(n). As a result, the possibility that display 1rregu-
larities become visible 1ncreases.

Embodiment 3

FIG. 18 illustrates an exemplary equivalent circuit of a
gate driver 11 1n Embodiment 3. The gate driver 1llustrated
in FIG. 18 has a configuration of a gate driver that operates
with an eight-phase clock (CK). Regarding parts 1dentical to
those of the equivalent circuit i1llustrated in FIG. 4, descrip-
tions are omitted. In the example illustrated in FIG. 18, the
drain and the gate of TFT M1 connected to netA are
connected to the gate line GL(n-4), which 1s four stages
behind. Further, the gate line GL(n+4), which 1s four stages
ahead, 1s connected to the gate of TFT M3. Still further, the
gate line GL(n-2), which 1s four stages behind, 1s connected
to the gate of TFT MI1.

To the gate driver 11(n+1) of the next stage to the gate
driver 11(») illustrated 1 FIG. 18, control lines for clock
signals CKC, CKD are connected, in place of the control
lines for the clock signals CKA, CKB. The clock signals
CKC, CKD can be signals that have phases shifted by 4
wavelength with respect to the phases of the clock signal
CKA, CKB, respectively. Similarly, to the gate driver 11(n+
2), control lines for clock signals CKE, CKF are connected,
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phases of the clock signals CKE, CKF being shifted by 24
wavelength with respect to the phases of the clock signals
CKA, CKB. To the gate driver 11(»+3), control lines for
clock signals CKG, CKH are connected, phases of the clock
signals CKG, CKH being shifted by 34 wavelength with
respect to the phases of the clock signals CKA, CKB.

The gate driver 11(»+5) can have the same configuration
as that illustrated 1n FIG. 18 except that the clock signal
CKA and the clock signal CKB are replaced with each other.
Similarly, the gate drivers 11(z+6) to 11(»+8) can have the
same configurations as those of the gate drivers 11(n+2) to
11(nz+4), respectively, except that the foregoing two clock
frequencies are replaced with each other.

FIG. 19 1s a timing chart illustrating exemplary signal
wavelorms for the gate driver 11 illustrated in FIG. 18
during operation. In the example illustrated 1n FIG. 19, the

clock signals CKA, CKB, CKC, CKD, CKE, CKF, CKG,
and CKH have a pulse width of 4H. CKA and CKB have
phases opposite to each other, and similarly, CKC and CKD,
CKE and CKEF, as well as CKG and CKH have opposite
phases. The phases of CKA and CKC are shifted by 3
wavelength from each other. The phases of CKB and CKD
also are shifted by 4 wavelength from each other. Similarly,
the phases of CKC and CKE, the phases of CKD and CKEF,
the phases of CKE and CKG, and the phases of CKF and
CKH are shifted from each other by s wavelength.

In the example 1llustrated 1n FIG. 19, when CKA first rises
from the L level to the H level at time t4, potentials of
netA(1) of the first gate driver 11(1) and the gate line GL(1)
rise from the L level to the H level. Thereby, the gate line
GL(1) shifts to the selected state. At time t5, 1.e., when 1H
lapses from time t4, simultaneously when CKC rises, poten-
tials of netA(2) of the gate driver 11(2) and the gate line
GL(2) 1n the second row rise. The gate line GL(2) shifts to
the selected state. Similarly, at times t6, t7, t8, the gate lines
GL(3), GL(4), and GL(3) shiit to the selected state sequen-
tially. At the same time when CKA returns from the H level
to the L level at time t8, the gate line GL(1) also returns from
the H level to the L level (returns to the non-selected state).
Thereatter, sequentially, GL(6), GL(7), . are 1 the
selected state for a period of 4H each, every time when 1H
lapses.

FIG. 20 1llustrates an exemplary arrangement of control
lines 1in the present embodiment. In FIG. 20, control lines
connected to the gate drivers arranged in the display region
AA are illustrated, and the 1llustration of the other lines, such
as the gate lines and the source lines, 1s omitted. The display
panel 1llustrated i FIG. 20 1s rectangular, but 1t may be
non-rectangular, as illustrated in FIG. 1. The control lines
include, for example, control lines for transmitting the clock
signal CK, the gate start pulse GSP, the reset signal CLR,
and the power source voltage signal VSS.

Among these control lines, the control line (clock signal
line) for the clock signal CK includes a first clock signal line
CK1 that extends 1n the same direction as the gate line (the
first direction) 1in the 1nside of the display region AA, and a
second clock signal line CK2 that extends in the same
direction as the source line (an example of the second
direction) outside the display region AA. The first clock
signal line CK1 and the second clock signal line are con-
nected with each other 1n a frame region NA. The first clock
signal line CK1 1s connected to at least one of TFTs of a gate
driver arranged 1n the inside of the display region AA.

The first and second clock signal lines CK1, CK2 can be
provided for clock signals, respectively. For example, in a
case where eight clock signals having different phases are
used as 1s the case with the present embodiment, e1ght pairs
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of first and second clock signal lines CK1, CK2 are pro-
vided. The first clock signal line CK1 1s provided 1n a pixel
row corresponding to a gate driver that operates 1 accor-
dance with the clock signal as a target. According to this, the
configuration can be such that the clock signals intersect
with none of the gate lines. This makes 1t possible to
suppress mntluences of clock signals with respect to pixels of
gate lines whose potentials change at the same timings as the
clock signals.

FIG. 21 1s an exemplary circuit configuration 1n a case
where the gate driver illustrated 1n FIG. 18 1s arranged in the
display region AA. In the example illustrated 1n FIG. 21, 1n
correspondence to the gate line GL(n) in the n’th row, TFTs
M1 to M11, the capacitor Chst, and netA, netB of the gate
driver ll(n) that drives the gate line GL(n) are provided. In
this example, the gate line closest to the gate driver 11(») 1s
the gate line GL(n) that the gate driver 11(») drives. The
configuration, however, may be such that the gate driver
11(#) 1s arranged closer to another gate line, rather than the
corresponding gate line GL(n), as 1s the case with the
above-described embodiments.

In the example illustrated 1n FI1G. 21, TFTs M1 to M11
and the capacitor Cbst of the gate driver 11(a) are arranged
along the gate line GL(n). The lines netA, netB are partially

arranged along, not the gate line GL(n), but another gate line
GL(n+1). Further, the first clock signal line CK1 for the

clock signal CKA connected to TET M9, TFT M5 and the
first clock signal line CK1 for the clock signal CKB con-
nected to TFT M7, M8 are arranged along still other gate
lines GL(n+2) and GL(n+3), respectively.

The first clock signal line can be arranged at a position
closer to, not a gate line whose potential change at the same
timing as that of the potential change of the clock signal 1s
more frequent, but to a gate line GL whose potential change
at the same timing 1s less frequent. According to this
configuration, the first clock signal line can be arranged at a
position closer to pixels to which the clock signal less
possibly influences, rather than pixels to which the clock
signal more possibly influences. For example, by using a
clock of eight phases as in the present embodiment, the ratio
ol gate lines whose potential change at the same timing as
the clock signal 1s less frequent increases. This increases the
degree of freedom 1n design of the first clock signal line.

Incidentally, the present embodiment can be also applied
to a gate driver that uses a multiphase clock other than
cight-phase clock or single-phase clock. Further, the present
embodiment can be combined with at least one of Embodi-
ments 1 and 2 described above.

An active matrix substrate in the present embodiment
includes: a plurality of gate lines that extend 1n a first
direction 1n a display region; a plurality of source lines that
extend 1n a second direction 1n the display region, the second
direction being different from the first direction; pixel
switching elements that are provided respectively for pixels
in the display region and are connected to the gate lines and
the source lines, the pixels being defined by the gate lines
and the source lines; a plurality of gate line driving circuits
that are provided 1n the display region, 1n correspondence to
the gate lines, respectively, the gate line driving circuits
controlling the potentials of the gate lines, respectively; and
control signal lines that supply control signals from outside
the display region to the gate line driving circuits.

Each of the gate line driving circuits includes a plurality
of driving switching elements for switching ON/OFF
according to the control signals. The control signal lines
include clock signal lines. The clock signal lines include, 1n
the display region: a first clock line that extends in the first
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direction and 1s connected to at least one of the switching
clements of the gate line driving circuit 1n the display region;
and a second clock line that 1s connected to the first clock
line and extends 1n the second direction outside the display
region.

With the configuration of the present embodiment, the
clock signals can be formed so as not to intersect with the
gate lines whose potentials change at the same timing as the
clock signal. This enables to suppress the deterioration of
display quality.

Other Modification Example

The present application mmvention 1s not limited to
Embodiments 1 to 3 described above. For example, the gate
drivers according to Embodiment 1 or 2 can be mounted on
a rectangular-shape panel. Further, part of functions of the
gate driver 11 in Embodiments described above can be
realized by elements outside the display region.

In the foregoing descriptions of Embodiments 1 to 3, an
exemplary case where the display panel 2 1s a liquid crystal
panel 1s described, but the present invention can be applied
to a panel of such a display style that an active matrix
substrate 1n which organic electro-luminescence (EL),
MEMS shutters, or the like 1s used 1s driven.

The active matrix substrates and the display panels 1n the
above-described embodiments and modification examples
can be utilized for displays such as displays on smartphones,
tablet terminals, and speedometers of vehicles, as well as
displays on pachinko machines, game machines, and the

like.

DESCRIPTION OF REFERENCE NUMERALS

1 liquid crystal display device

2 display panel

11 gate driver (one example of gate line driving circuit)
13G, GL gate line

15S source line

20a active matrix substrate

M1 to M11 TFT (one example of driving switching element)
MP pixel-TFT (one example of pixel switching element)
Cbst capacitor

The mnvention claimed 1s:

1. An active matrix substrate comprising;:

a plurality of gate lines that extend 1n a first direction 1n
a display region;

a plurality of source lines that extend 1n a second direction
in the display region, the second direction being dii-
ferent from the first direction:

pixel switching elements provided for pixels, respec-
tively, 1n the display region and are connected to the
gate lines and the source lines, the pixels being defined
by the gate lines and the source lines;

a plurality of gate line driving circuits that are provided 1n
the display region, in correspondence to each of the
gate lines to control a potential thereof; and

a control signal line that supplies a control signal from
outside the display region to the gate line drniving
clrcuits,

wherein each of the gate line driving circuits includes a
plurality of driving switching elements for switching
ON/OFF according to the control signal, and a capaci-
tor that 1s connected to at least one of the driving
switching elements,

at least part of the driving switching elements and the
capacitor are arranged at positions closer to, not the
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gate line corresponding to the gate line driving circuit
that 1includes the drniving switching elements, but
another gate line that 1s other titan the corresponding
gate line, and

the another gate line 1s arranged between the at least part
of the driving switching elements and the capacitor, and
the gate line corresponding to the gate line driving
circuit that includes the driving switching elements.

2. The active matrix substrate according to claim 1,

wherein the drniving switching elements 1nclude a first
switching element arranged to control an output to the
corresponding gate line,

cach of the gate line driving circuits includes a line to
control ON/OFF of the first switching element,

the capacitor includes a first capacitor provided between
the line and the corresponding gate line, and

at least any of the line, the first capacitor, and the first
switching element 1s arranged at a position closer to the

another gate line, than the corresponding gate line.
3. The active matrix substrate according to claim 1,
wherein the dniving switching elements of each gate line
driving circuit are arranged 1n an array of the pixels that
are aligned along the another gate line other than the
gate line corresponding to the gate line driving circuit,
and
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between the array of the pixels along the another gate line,
and an array of the pixels along the gate line corre-
sponding to the gate line driving circuit, at least still
another one array of the pixels 1s arranged.

4. The active matrix substrate according to claim 1,

wherein the control signal includes a clock signal, and

the clock signal 1s a multiphase, clock of four or more
phases.

5. The active matrix substrate according to claim 1,

wherein the control signal line includes a clock signal
line, and

the clock signal line 1ncludes:

a first clock line that extends 1n the first direction 1n the
display region, and 1s connected to at least one of the
switching elements of the gate line driving circuit in
the display region; and

a second clock line that 1s connected to the first clock
line and extends in the second direction outside the
display region.

6. A display panel comprising:

the active matrix substrate according to claim 1;

a counter substrate opposed to the active matrix substrate;
and

a liquid crystal layer provided between the active matrix

substrate and the counter substrate.
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